ABSTRACT Nutrient equivalency of Natuphos Phytase for minerals, amino acids, and energy has been estimated elsewhere for broiler chickens. The current study was to evaluate equivalent values of 600 FTU/kg Natuphos Phytase for amino acids and energy in 3,150 broiler chicks from hatch to 7 wk of age. Treatments consisted of a 3 × 3 factorial arrangement of three levels of dietary amino acids (AA; 100, 92.5, and 85% of Illinois Ideal Protein for Broiler Chickens) and three phytase inclusion approaches (positive control: 0 FTU/kg with no reduction of Lys, TSAA, and ME; negative control: 0 FTU/kg with reduction of 2% Lys, 1% TSAA, and 0.5% ME; and reformulation with phytase: 600 FTU/kg with reduction of 2% Lys, 1% TSAA, and 0.5% ME). The effect of AA was linear on BW gain and feed conversion (FC); a greater
INTRODUCTION
There are some indications that supplemental microbial phytase, which is well known to be effective in improving the availability of dietary P (Perney et al., 1993; Broz et al., 1994; Ravindran et al., 1995; Yi et al., 1996) , Ca (Qian et al., 1996 (Qian et al., , 1997 , and Zn (Roberson and Edwards, 1994; Biehl et al., 1995) , may increase utilization of amino acids (AA) and ME in poultry. Phytase addition at 0, 250, 500, and 750 FTU/kg to corn-soybean basal diets containing 17, 20, and 23% CP linearly enhanced apparent ileal digestibility (AID) of N and AA in male broiler chicks at 4 wk of age (Kornegay, 1996) . Phytase may have a small but significantly positive effect on improving utilization of the essential AA in chicks fed soybean meal basal diets (Biehl and Baker, 1997) . However, phytase supplementation at 600 FTU/kg had no significant effect on AID of CP and all AA except Met and Phe in 19-d-old male broiler chicks (Sebastian et al., 1997) . An improvement in utilization of ME was indicated in broilers when phytase was added to sorghum-soybean basal diets (Farrell et al., 1993) . 1 To whom correspondence should be addressed: jbz2@cdc.gov 1567 AA level improved performance. No interaction of AA and phytase inclusion approach was significant in terms of BW gain, feed intake (FI), and FC of growing and finishing broilers. Birds fed the positive control diet had greater BW gain than those fed the negative control diet. Body weight gain of birds fed the diet reformulated with phytase did not differ from those of birds fed the positive control. Feed conversion was not affected by phytase inclusion approaches. Effects of phytase supplement on apparent ileal digestibilities (AID) of CP and AA were not significant. Restoring BW gain lost in the negative control by reformulated feed with 600 FTU/kg phytase indicates that equivalent values estimated elsewhere might be adequate.
Efficacy of phytase on AID of AA is associated with dietary CP and AA levels. The AID of AA was decreased as the CP level increased (Kornegay, 1996) . Nutrient equivalency of Natuphos phytase for minerals, AA, and ME has been estimated in broiler chickens based on published data (BASF Corp., 1998) . The objective of this study was to evaluate adequacy for calculated equivalent values of 600 FTU/kg Natuphos phytase for AA and ME in broiler diets at normal P and Ca levels.
MATERIALS AND METHODS
A total of 3,150 day-old male broiler chicks (Ross × Arbor Acres) was allocated to 63 pens, 50 chicks each, to receive nine dietary treatments of corn-soybean-based diets (Table 1) with seven replications of each treatment. These dietary treatments consisted of a factorial arrangement of three AA levels (100, 92.5, and 85%) of diets formulated with Lys as a reference, based on Baker and Chung (1992) , and three phytase inclusion approaches (positive control: 0 FTU/kg with no reduction of Lys, TSAA, and ME; negative control: 0 FTU/kg with reduc- tion of 2% Lys, 1% TSAA, and 0.5% ME; and reformulation with phytase: 600 FTU/kg with reduction of 2% Lys, 1% TSAA, and 0.5% ME). The so-called reformulation with phytase was that nutrient values of phytase calculated by BASF (1998) were formulated with corresponding diets. Diets 1, 4, and 7 were positive controls, Diets 2, 5, and 8 were negative controls, and the other diets were reformulation with phytase. Pens were assigned randomly to one of the nine dietary treatments. Diets were changed for four phases: starter diets for Phase I, 1 to 21 d (Table 1) ; grower diets for Phase II, 22 to 28 d, and Phase III, 29 to 42 d; and finisher diets for Phase IV, 43 to 49 d (Table 2) . During the finishing phase, chromic oxide at a level of 0.05% was added to diets containing 85% AA as an indirect marker to determine AID of CP and AA. The diets were mixed in mash form. Feed and water were provided for ad libitum consumption.
Pens of birds were weighed initially and thereafter at 1, 3, 4, 6, and 7 wk of age. Feed intake (FI) was recorded correspondingly. A record was kept of BW of dead birds. After pen weights of birds were recorded at the end of Week 7, six birds per pen for each of those three diets containing 85% AA were saved to collect ileal content samples. Starting 3 h before slaughter, feeders were shaken every 30 min to encourage birds to eat, until birds were killed. The ileum was dissected soon after birds were euthanatized by cervical dislocation. The excised ileum was defined as the distal 40 mm of the ileum extending from Meckel's diverticulum to the ileo-cecal junction. Ileal contents were removed and pooled for each pen. These samples were freeze-dried to determine CP, AA, and Cr digestibility. The CP and AA in the diets and ileal content samples were analyzed using a Beckman 6300 AA analyzer following AOAC (1990) Data on BW gain, FI, feed conversion (FC), and AID of CP and AA were subjected to analysis of variance using the General Linear Models procedures of SAS (SAS Institute, 1990) . Pen means were used as experimental units. The model included AA, phytase, and their interaction. Effects of AA were partitioned into linear and quadratic components. Phytase effects were compared between diets, with and without phytase at each AA level using orthogonal one-degree contrasts.
RESULTS AND DISCUSSION

Body Weight Gain
Differences were variable through all ages between the positive and negative controls (Table 3 ). The effect of AA was largely linear, as expected. There was no interaction of AA and phytase inclusion approach at 3, 4, 6, and 7 wk of age (Table 3) . No difference in BW gain was noted at any ages measured between the positive control and reformulation with phytase. The 4-and 6-wk BW gain did not show difference (P > 0.1) between the negative control and reformulation with phytase, but 3-and 7-wk BW gain differed slightly (P < 0.1). Reformulated feed with 600 FTU/kg phytase restored BW gain lost when the negative control diet was fed. This result indicated that 600 FTU/kg phytase was equivalent to no more than Downloaded from https://academic.oup.com/ps/article-abstract/78/11/1567/1481794 by guest on 07 February 2019 2% Lys, 1% TSAA, and 0.5% ME of the reference diet (Illinois Ideal Chick Protein, Baker and Chung, 1992) . Independence of phytase inclusion approaches on AA levels suggests that the best growth performance of broilers would be obtained from a diet containing 100% of the AA level with added phytase. The 3-wk BW gain of broilers was increased linearly with increased CP (17, 20, and 23%) or phytase (0, 250, 500, and 750 FTU/kg) (Kornegay, 1996) . The 3-wk BW gain of broilers fed a marginally low Ca and P diet with 600 FTU/kg phytase was comparable with that of the normal Ca and P diet with the same amount of phytase (Sebastian et al., 1997) . A possible result of supplemental phytase with simultaneous reduction of dietary Ca, P, and AA levels has yet to be explored.
Feed Intake
No interaction of AA and phytase inclusion approach was significant at 3 to 7 wk of age (Table 3) . Phytase inclusion approach and AA levels did not influence 3-and 4-wk FI. The 6-and 7-wk FI was decreased linearly with decreasing AA levels. Phytase supplementation numerically increased FI lost because of decreased AA levels at ages. This result agreed with Kornegay (1996) and Sebastian et al. (1997) , who reported increases in FI as phytase was added.
Feed Conversion
There was no interaction of AA and phytase inclusion approach at 3 to 7 wk of age (Table 3) . Feed consumption Diets 3, 6, and 9 supplemented with 600 FTU/kg phytase were reformulated with nutrient estimates for amino acids, Ca, P, and ME by BASF Corp. (1998).
(grams) per gram BW gain was decreased linearly with increasing AA levels. Phytase supplementation at 600 FTU/kg did not improve feed conversion of chicks at any ages. This result agreed with observations by Sebastian et al. (1997) . The current study did not support the observation of Biehl and Baker (1997) , who reported that phytase supplementation at 600 to 1,200 FTU/kg caused significant increases in gain:feed values of young chicks (13-d-old) fed a AA-deficient diet, but not the AA-adequate diet, compared with the no-added-phytase diet. In addition, Baker (1996) reported that phytase supplemented at 1,200 FTU/kg to a 12% CP diet with any single deficiency of four limiting AA (Met, Thr, Lys, and Val), or with all of them deficient, improved FC but not BW gain of chicks. However, studies with commercial diets supplemented with phytase (Broz et al., 1994; Perney et al., 1993; Simons et al., 1990) did not demonstrate a significantly improved FC of broilers. It seems that enhanced BW gain of chicks consuming diets with phytase is achieved by increasing FI. In the current study, the best FC was obtained with the diet containing 100% AA level of the basal diet.
Apparent Ileal Digestibility of Amino Acids
The AID of all of the essential AA except Lys and Met differed between the positive and negative controls and between the positive control and reformulation with phytase, but did not differ between the negative control and reformulation with phytase (Table 4 ). The AID of the nonessential AA was similar to the essential AA (Table  5 ). This result means that 600 FTU/kg phytase added to 15.0 to 15.5% CP did not significantly improve the AID of AA. Differences in AID of AA were due to reduction of 2% Lys and 1% TSAA in the diets. Similarly, nonsignificant effects of phytase on AID of most AA were noted in broiler chicks (Sebastian et al., 1997) and pigs (Jongbloed et al., 1996) . Phytase supplementation at 600 FTU/kg in 28-d-old male broiler chicks had no influence on the AID of CP and any AA except for a reduction in digestion of Met and Phe. (Sebastian et al., 1997) . By contrast, Kornegay (1996) , using broiler chicks, observed a linear increase in AID of all AA except Met and Pro as phytase was increased from 0 to 750 FTU/kg. The AID of all AA were decreased linearly as the CP level increased from 17 to 23%, and the interaction of CP and phytase was not significant for all AA except Leu (Kornegay, 1996) . Similarly, Biehl and Baker (1997) noted that the average digestibility of nine essential AA was increased by about 2% when phytase was included at 1,200 FTU/kg in Leghorn roosters at 20 wk of age. The importance of maintaining an appropriate Ca:P ratio in diets was emphasized by Sebastian et al. (1997) , who observed that the interaction of P and Ca level and phytase was significant for AID of CP and most of AA in male broilers. Addition of phytase at 600 FTU/kg increased AID, compared with no added phytase, when P and Ca levels were normal or subnormal, but decreased AID in low P, normal Ca diets. Addition of phyase at 600 and 1,200 FTU/kg improved AA utilization in Leghorn roosters fed diets based on soybean meal but not in those fed diets based on peanut meal (Biehl and Baker, 1997) . Thus, dietary CP levels, Ca:P ratios, and other factors such as protein sources affect efficacy of phytase on AID of AA. In summary, the current study shows that male broiler chicks consuming diets containing 600 FTU/kg phytase with reduced Lys (2%), TSAA (1%), and ME (0.5%) compared with the reference diet (Illinois Ideal Chick Protein) could have comparable BW gain, FI, and FC with those consuming the positive control diets. Restoring BW gain lost in the negative control by reformulated feed with 600 FTU/kg phytase indicates that phytase added at this level could release nutrients equivalent to no more than 2% Lys, 1% TSAA, and 0.5% ME of the reference diet. Phytase supplementation at 600 FTU/kg with reduced Lys (2%), TSAA (1%), and ME (0.5%) could result in about $2/ton decrease in feed cost at the current prices. However, no significant differences in AID of CP and AA were detected because of phytase supplementation. Further studies are needed to determine whether, how much, and how phytase improves AA utilization (e.g., by releasing phytatebound proteins or AA positively charged at the low pH range or reducing the inhibitory effect of phytates on pepsin and trypsin).
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